MVTTER IV THE  UMVE ESE
—r—

AT D0 WE KNIN ?

= [/ 8meveo mic
OARE MAT

g /von gAeYonie

s

ORDINARY STUPF @ WNHHNTS OVT
THNCRE & WHWNT DOES P TEL US
ABoyr T™E MATTER bIsTEW.

NMART WE KNON £ ovT THERE
BUT DONT uen WNAT IT (S

Po g3 OF OARR MATTER
MNP DARKE CENERAY

LOSMoLGICar Fro@& oF PMRTILE
Prvsics ( FnDAMNENTA.  (RNETITUENTS
0F MATYER)

(Rwy ~ 16 — RAD. oD,
JZ,,,,,., ~ X /d” ——F R
[y ~ 3% 6% — Swrm K [Sno



@) wes- ovray o tHe  universe

——

WE OGlogént PICTURE
o LENSINA X

cosme oPrmion A
o LARGE fcAte Fuows V1
ActveTIcS 20 S 4 o bsf -
o CLUITERS X
rexury 7 A= 0 o CME v’
JZ;.-‘! 0-15 o ASMS v
e SNZa b
Coee oPTION B o vemiine -
o LaeGcg SemE Frons
scsrwgnes 7 Jis * bes ”
o CLVUSTERS v’
egruTy 0 S2r2 0.7 o CMB v’
Sues 03 o AGE v’
'Y Cn Za v’
Cosmie  oPr o Lemaing b
ron C o MRLE SemE Fiows )
asmeris X S < 2 . ¢
| o CLutTERS v’
ey x A0 e X
. JZ ~ . o WNGE v’
ne X 03 o SnZa ?
—_—

[Iﬂﬂu S oPTeNS Jz..‘!.'o.o:]



@ WE EULTLOMAUNETLZC SPerTlum

-S

tos,, ( V Iv/wWwts')

-s
8Y ITsQLF J?.,a_ tviey & /10
RADIATION 08

NOT A 1M PoRYANT
OMPINENTY TOOAY BVT IT 13 A VLiEPyL PloLE

06 wwari our wmgee. eseeumey e ome |

77{ 4 BoTH™ ALK GLOUNDSLE & DISCAETE
SOURCEL =y TNO EFXAMPLEL

o X=RAY Ehuwsvwd
o L’ o Sycrems  wime semrervant’
Quasars

d) MY PRINT Quatnes (SPECTRVM)

i) HOT Z 6 N0 hoed CLORE)

(i) CLorePy Sovmeces EXCevo€d (SMOTHNEIS)

(iv) MOLT WKELY PRON BN -LYMINOLUTY
ACTIVE OALA RIS



®

Cwres 8 V1 N meOrM  Lyumrinous
RARYONS
e’
SYPRIE LIGHT TRACES MALL —p bLETERMING

WGHT OENLTY , ASSUME A UNIVERSAL
Mo exun , THeNn Fmp ‘L x M) °.

LD SMIPT SURVEYS GIVE 600D DETERMINATION

OF wrINOSITY OENLITY (MOOVLO SO/ SVERALL
NORMAL JATION DIPPERENCES IN (URVEYS)., W
we B gavd

h= 2107 2108 L Lo Mpc’

Srvecg
Lew = 2.3 2 0"22 1M m7°

% <Mayl = 129042 2 9rvq2 (témva)

s,
Ywivs

oBsCRvED M/L IN CENTERS 6F LMmAn I
OR v oPeN/GoRULAR STAR (LUSTERS oW
ScAtZs O0F I1-tvo pe s o~ I=/t0 . THESE
CYSYEMS ARE KRANIWN Y0 BF CARYIN - DOMINATED

™S FoR EARYOMS,




@ Some-oerenoancE  oF  M/L

(—-'—-D
Svstert | metwon | sems [ Mixd] S |
Seo A
NEGH o Boop va.:m
ITAR
CLYITERS STARS
CYMIN oVS A 1’;",

Co Mt/ g3 veLoLITITS

‘“‘I

MMRIE | csvsrere
vete 7! 85

§Te.
UmmmmememmoTa o g

GRovrs v&leurieL

ATER TRIMBLE 2eyvo

EvideNLE FOR DR MITTER



@ JZWW
e

Powowine BBN & rPriMEvAL D AGuNDANGE,

8v
2,4 < 0.02 ¢ 002 il

@ S 2 0007 Re bxor
eRRors A-PPEWR OPTIMILTIC ( PAR POR

e covriE Por BN ), €., NEVER D (YCTEM
orves Juhlz 0.033 0'memea er m 3ol

IN MY CALE, Tt vaALVE 18 BeoADLY

LN ISTENT NITYN LATRRTY Lrl  RESULTS

PrRore  Buornt@hwb, DASZ, # MAXIMA (cannoT
MAe § PRFT4SE STATEMENTS e 7o
COIERATION UNCERTANTIES & STATISTILM

LIANTATIONG )

Mmiy  MESSAGEL 1F Ly 2, 08

SVBRSTANTIALLY THEN THE MATJOR

componENT 18 NOT BARYONS ( M Acros
e ovT) 3
MAIN  MEStanE B SINCE Syym ~ SN0,
WHGEE ARG THE OBARYONS HIDING )



@ OARIC MITER & S2,ypy
P

Kercer mr  seocvior [Rorarion cvrun ]

) PREDOII M ANTLY
1’: oL F £Fe & LA Ang
8ur Mmso FPor

eyr S€C 1N TEWD CLLIPT! CAL S

"" o CGONLY.
S M) ~r  pxrt
moee reeutery,

ﬂ‘ ” Mer) - MAse ‘
Mite) s - EvciocEn TiLL "J
G

THEY with % = 220 hn/:

Melry e )12 10" Peapey Mo

N CUITERS, MEWIVBE yELouTy O1SPTRYN

M e viR
(-3
TV GEY ROVGUN EIVINATE OF MALC
Swicky [coma

Smrm fweso



i A | ey srt vl Y TV v
S bk r_j;% .
- 16 —
NGC 2841 :
18 -
g 20 .
13
& i 3 :
>‘a 22 L- ... -
! °. ]
24 | . 4
400 —— ————
o I L i 1 1 L 1 1 A ! 'l A L 1 ! 1 L 1 1 I 1 'l hd
0 10 F 30 40 50
Radius (kpe)
Figure 10-2. The Sc galawy NGC 3198. Top: neutral

hydrogen column density comours superimposed on an optical
photograph. Bottom: circulerspeed curve plus model fits
using an exponential disk with constant mass-to-light ratio and
the halo density profile (10-M);. The model curve is for the
maximum possible disk mase-#=light ratio. The horizontal scale
assumes h = 0.75. Reprinted fom: van Albada et al. (1985), by
permission of The Astrophysiml Journal.
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Figure 10-4 Line-of-sight velarities of galaxies in the Coma cluster
(in kms~!) as a function of distance from the cluster center in minutes
of arc (Kent & Gunn 1982). The curves mark the authors’ estimate of
the boundary between cluster members and interlopers. At the distance
of Coma 1 arcmin = 20h~'kpe. Reprinted by permission from The
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Figure 1.The dependence of mass-to-light ratio, M/Lg, on scale, R, for average spiral galaxies
(blue symbols), elliptical galaxies (green), and groups and clusters (red). (From Bahcall,
Lubin and Dorman 1995)(11). The large scale point at ~ 15h~' Mpc represents Virgo
cluster infall motion results (11). The location of €2, = 1 and €2,, = 0.3 are indicated by the
horizontal lines. A flattening of M /Lg is suggested at §2,,, >~ 0.2 £ 0.1.

STILL ONE SLHyuLd EE ChreeFuL fE BIAS - o
BUT LATEST ResuLts (OBSERVATINS vs. SimuLATIING)
SHIW N0 PRORLEM & AKGUE  S2., . come o O+



HINmCAt LEGAP
>

ML MASS 18 NOT Lumineys

e

60s wo
}UEF m
vATA CTIC
> !
a
%
3
&

LATE 1878 CENTURY @ BLACK MOLET
(earcace ---)
CARLY WTW ceNTUEY ! KAPTEYN/TEPNS

LETERMINE MALS OENNTY IN LorAR

NEOILHBIRNDOD viIA OisTEN. OP LT7Amg
ABevE CALALTIC PLANE o THEIR

vEto &y ONLLYDE

. N |
Monee | Mgeyuy * S

1920 S wicky / coma
/793¢ Seime ) viRéo

1960: -5  Oorry __e_l_‘_

19065 D8 CLusTFRS : M/ o 100 - to00
/9P GMALYIC ROTATION Cyever

FRGE MAN , RUGIN, ..
1793 osTeicee [reess . NiTHOUT DA,
Orsepes UNETARLE
M. Pos M/L werEASES wivH  Sems
The '“r»r ATTRACTIR’ S Mpe BEYond
vieeo , 10'T-10'¢ Mg

POLA® RING CMAXIEY REVVIRE DM
~OR SYABi M TION

CENSING



@ PACTING OAe MATTER EXILTS:
MASSIVE NEVT&4ND C

—t’

PRBLENT DENQNTY OF NEUTRINOG
PLYL PARTNERL IN ONE PRy PIXED

?‘!y'-'-' ng /‘.n‘
AS  PRACTION OF (UTICHtL OENUTY
My e 12 .52, £t ev

MmMEe Sly 2l e myx boev
SRy 0T o My X eV

SNy 05 (myw Cov) 15 THE vrPPER
NMIT  ERIM  STRULTURE PORMATION

LT T Svreri /eN0 RESULTS
PRovioe oweR BoyNd Bor J2v

s REBULYS  Give 0.05evE my0:-18e

v.e.
* 0073 & Sty £ .004¢

o
J2y ~ 002

Wiew 18 RovhHLY < THE SAME
s JZWNmWI !



@

DAL erERAGY
f'_\'-.)

WL, & stanvres carubres 7o

PROBE EXRPAVNSION MHISTORY OF THE
UNIVERSE .

® [BRIGAT Sovrogt HOI0E AMeHN P2

® APPARENTLY (?) Mo ConTeoL
OP SYLTEMATICS

ZeSyLrs wo NGO UMI7Te> &y
STATISTICS . -

&VT QUESTIONS ACOVT SYSTEWNATICS
UNGER. (wriGhT 32e0/)

o &VWTIN
o Plmmng VIR Mtrong

¢ Oty

SVZa 8y THEMSICLVES INSVEFICENT
To PelovioE ZoEON- CAND OEVrDENCE Fowr
ACCELGRATION .

UNEBORTUN A TELY e NOT A VERY
oo b OoteeTT d--Y {1 ﬂfm



az)

A(m-M) (mggp-ph/‘)S()SZOl 15 MndNramag)

42

40

38

by ~ fg’/

H%ﬂ

INTRINLIC Ly ino 81Ty L RARD oo Jd

U by 2405 (1-%de*--

44

36|

34

He mermgr naw  TAN In PALTY
MLCS So. ;

4 <0 e>ABO

UN! YERSE OLDER -~

/

7 |4 Pp RT AN

MAY € AT |

n
- Fox £~° .. Q,,=0.20, Q,=0.00]

— e — Q,,=0.24, Q,=0.76

-~ Q,=1.00, ©,=0.00

L1 ; , :T::..

7\ ' // von HIPPEL ET At
k=0 & 93 PassIy

SYLTE AT

:mww/

TTFELTS
oIS

€N Za

ALE  ESTINATE 3
~14.5 Gyr

—I"_-._

0.01



“eowi VIV
B c.oumovcmy = ,

Stcmdord Condle

4.5 N

| UNDCRULTED® LurMINOSITY _
’? = n:‘:a“ L MLPERIION U o~ O S M ]
‘ i -
?o >"°_‘ :
Y 3 | o szt k.
6 3
Ll yg : :
J’ > 95E 7

7vel) | q

MLCS ;

CANDAGE ~vSD | “toreerTed” LuminotiTY -
(STIIO) IS PEREION 18 ~ 0120 :GS*GL../;IM}

CYLTEMATICS o :
L Q[ -
ey | S| _

3.5P— _

s 4 - ! I i L 1 " . N
32 34 36 18

DISTANCE MODULUS

Figure 6: Hubble Diagrams for SN Ia with velocities in the COBE rest frame on the Cepheid
distance scale (Sandage et al 1994, 1996). All velocity errors are 300 km s~! reflecting a plau-
sible estimate of random velocities with respect to the Hubble flow. (a) Distances estimated
with a standard luminosity assumption and no correction for extinction. This method yields
0,=0.52 and Ho=>52 + 8 (statistical) km s=' Mpc~!(b) Distances from the MLCS method
which makes a correction for intrinsic luminosity variation and total extinction as deter-
mined from the light and color curve shapes. This method yields 0,=0.12 and Hy=65 + 3
(statistical) km s=* Mpc~!.
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